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. 'l'he expression following the equal sign on line 3, page 254 should
read

N N(N-1)
- X2n(n - 1)

N(N -1)
n(n _ 1) X2·

The author is indebted to Maurice 1. Gershenson, California Division of
lJabor Statistics and Research, for noting this error....
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INTRODUCTION

A reliable index of striped bass spawning success would serve two
important management purposes. First, it would enable us to (letermine
if recruitment is directly related to spawning success. If it is, "ve could
predict important changes in the fishery three years in advance.

Second, it would give insight into environmental factors responsible
for good and poor year-classes. Besides increasing our understanding of
the bass population, this knowledge might be used to improve recruit-
ment by modifying water development plans in the Sacraluento-San
Joaquin Delta under the State 'Water Hesources Development System.

Fyke net samples provided the earliest information on young bass
distribution (Hatton, 1940). rrhey were not promising for estimating
abundance, and subsequent sampling of eggs and larvae with plallktoll
nets also had important limitations (Calhoun and Woodhull, ] 948; Cal-
houn, Woodhull, and Johnson, 1950).

An exploratory survey with tow nets in the early summer of 1947
(Calhoun and Woodhull, 1948) found bass about an inch long dis-
tributed throughout the lower Sacramento-San ;roaquin River system
except in the Sacramento River above Isleton. '1'his suggested the best
index of spawning success would be the abundance of bass about an
inch long, measured by tow netting.

In 1948 and 1949 extensive tow net surveys were made to measure
the relative abundance of young bass in the Delta between Rio Vista
and Pittsburg (Erkkila et al., 1950). In 1951, the actual size of the
young bass population was estimated twice during the summer (Cal-
houn, 1953). Since 1953, the Department has made more limited sur-
veys annually.

rrhis paper reports results of these annual surveys for 1953 through
1962. It also reports results of two types of studies to evaluate their
accuracy. First, more intensive surveys (Delta-wide surveys), explora-
tory tow net sampling, and beach seining were used to learn if annual
surveys accurately measured abundance throughout the nursery
grounds, and throughout the time when young bass were vulnerable to
the tow net. Second, the net's size selectivity, the vertical and horizontal
distribution of young bass, the effects of tidal stage on catch, and the
1 Submitted for publication September 1963. This work was performed as part of
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supported by Federal Aid to Fish Restoration funds.
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relationship between water transparency and net efficiency were exa~-
ined to determine how accurately tow netting measures abundance ll1
the immediate water mass being sampled.

DESCRIPTION OF STUDY AREA

California's only large striped bass populatiOl~ inhabits the es.tuary
of the Sacramento-San Joaquin River system (FIgure 1) and adJacent
coastal waters. rridal movement dominates the estuary, with flow. re-.
versal occurring in summer up to Courtland on the Sacramento RlV~r
and above Mossdale on the San Joaquin River. However, the Delta IS
essentially fresh water, with salinities seldoI~1exceedin~ 1,000 ppm
chlorides a few miles above the confluence of the two rIvers. Down-
stream, salinity increases rapidly, sometimes approaching 90 percent
of seawater in San Pablo Bay in late summer

LEGENO

ANNUAL SURVE'!' STATtONS I-'E
OELTA-WIOE SURVEY STATIONS 0
SEINING SITES 0

FIGURE 1. The study area showing tow net and seining stations and areas represented. by
Delta-wide survey stations.

Waters throughout the Delta are turbid, with Secchi disk readings
seldom over a foot, except in the Sacramento River above Rio Vista. In
the bays west of Pittsburg the water is clearer.

Description of Nets

Most sampling was with a tow net mounted on skis, as described by
Calhoun (1953). rrhe net cone was made of !-inch stretched mesh #6
medium-laid cotton webbing, and nylon bobbinet with opening's approxi-
mately 0.] inches in diameter (Pattern No. 281, Marion Textiles, Inc.,
New York). A 9-foot cone of cotton webbing was attached directly to
the frame, and a 7-foot nylon bobbinet cone was sewed to the cotton
webbing, so that the cotton webbing formed a 2-foot fyke inside the
bobbinet. The overall length of the net was approximately 14 feet. A
quart Mason jar was tied in the apex of the bobbinet cone.

Size selectivity, vertical distribution, and some horizontal distribution
measurements were determined with modified nets. In measuring size
selectivity, the bobbinet of the standard net was replaced with bobbinet
having holes approximately 0.04 inches in diameter (Pattern 1400,
Marion Textiles).

In measuring vertical distribution, We used circular nets, 3 feet in
diameter. These had an 8-footcone of the same cotton webbing joined
to a 6~-foot cone of No. 281 bobbinet to form a '2-foot fyke inside the
bobbinet. One of these nets was mounted on skis to measure horizontal
distribution during 1961.

Fishing Procedures

The standard net was towed from the 28-foot research boat Str'iper',
on a i-inch steel cable passing from a winch amid ship through a block
suspended from an "A" frame at the stern (Figure 2).

All samples were taken towing into the current at 1,000 rpm engine
speed giving a velocity through the water of approximately 2.7 feet pel'
second. Calhoun found this an efficient speed (Calhoun and \Varren,
1949) .

l<'ishing depth was estimated from the length of cable released. 'l'he
relationship between fishing depth and cable length was established
by measuring cable deflection angle, and from readings made with
Moeller Chemical Sounding rrubes suspended by rubber stoppers inside
an aluminum tubing capsule attached to the net frame.

Three circular nets were fished simultaneously to measure vertical
distribution. Each was attached with a swivel safety hook to a swivel
clamped on the towing cable. A 2-foot-square wooden kite weighted with
concrete blocks was attached to the end of the cable to depress it, so
less cabl.ewas needed to fish a given depth. rrhe nets could be retrieved
so rapidly that the difference between fishing times of the top and bot-
tom nets was less than 5 percent.

Lateral distribution of small bass in various channels was measured
during 1961 with a circular net mounted on skis, towed from a 40 hp
outbOard skiff.
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FIGURE 2. Tow net being pulled abo~rd St6per at end of a tow. Photograph by William
Heubach, July J 962.

Annual Survey Procedures

In 1953, stations were selected in the lower San Joaquin River (I),
and in the Sacramento River several miles above and below the mouth
of the San Joaquin River (II and III); in 1954, two stations were
added in Suisun Bay (IV and V) (Figure 1). We believed these sta-
tions represented the area inhabited by alm(st 90 percent of the esti-
mated young bass population in early July 1951 (Calhoun, 1953).

These localities were sampled during the week of minus tides (water
height at low tide at Golden Gate, San F:~ancisco, below mean sea
level) closest to the time that young bass at Antioch reached a mean
length of I-inch. This was to compensate for annual variations in
spawning time and growth rate. Stations w"re sampled in numerical
order-one station a day-on successive days. Fifteen 15-minute sam-
ples wer~ taken at each station during the minus ebb tide. At the start
of each tow, 185 feet of cable was released and it was retI-i"eved during
odd-minute intervals, thus all depths to about 30 feet were sampled
equally. .

Procedures were changed in 1957. Stations III, IV, and V were
dropped, and stations were selected in Spoonbill Slough (VI) and MOll-
tezuma Slough (VII) (Figure 1). The same minus tides were sampled,
but each station was sampled 011 three different days with five, 15-
minute tows per day. Stations I and II were sampled during ebb tides
on days 1, 3, and 5, and 2, 4, and 6, respectively. Stations VI and· VII
were sampled during flood tides on days 1, 3, and 5, and 2, 4, and 6,
respectively. Sampling started 2i, 2, t, and 1 hour after slack water

at Stations I, IT, VI, and VIT, respectively, and subsequent samples
were taken at ~·-hour intervals, so any (;orrelatioll hetween catch and
tidal stage would not bi1:lsthe results. Only 100 feet of cable were re-
leased at Station V r ; it was shortened to 7fi and 50 feet after 5 and 10
minutes, since the water was (;onsiclerably shallower there. Other pro-
cedures remained the same.

Delta-wide Survey Procedures

Thirty stations (Stations ]-30, Figure 1) were selectectto sample the
area between upper Sail Pablo Ray and Isleton on the Sacramento n,iver
and Mossdale on the San J oaqu i11R.iver as extensively as could be done
in 5 days with one boat. Thl'ee ]O-millute samples were taken at each
station every other week. Days of least tidal fInctuation were sampled
to min~mize any biases associated with tidal stage. Sampling was COlI-
ducted fr0111the time snbstantial numbers of bass ovel' 0.7 inches long
appeared until the mean bass size approached 2 inches.

Previous work indicated most bass wcre in the top 10 feet of watel'
(D. S. Dept. of Interior, ] 957) ; hence, towing proccdnres were designed
to sample equally all depths to 12 feet. 'rhis was done by releasing 100
feet of cable at the start of each tow, and retrieving 25 feet at 3-minute
intervals. Data collected in 1960 showed thc vertical distribution of bass
was not constant, so in 1961 towing procedures were modified to sample
all depths equally. vVe l'eleased enough cable to reach the bottom at the
start of towing and pulled in 25 fect at appropl·jate intervals. Selected
stations had a 3D-foot maximum depth, since dceper ,i'ater could not be
sampled with available gear. During 1061, one tow at each station was
made in the old manner eadl period, so a ratio of catches by the new
method (diagonal tows) to the old metpod (smface tows) could be
calculated.

In 1961, Stations 9, 19, 21, 22, and 24 were abandoned, because few
fish had been caught there, and five stations (31-35) were added to
covel' the San Joaquin Delta more thoroughly. III 1962, Stations 20, 23,
and 32 were abandoned so Stations 11a, 13£1,27a, and 30a conld be
added to increase sampling in areas of greatest water volume.

Seine Survey Procedures

Seine collections werc made with a ] 00- by 6-foot, i-inch stretched
mesh beach seine during October or November 1956-1959. Sites were
selected wherever snitablc beaclws were fou nd hom western San Pablo
Bay to the mouth of the Feather River 011the Sacramento River and
about 10 miles above Mossdale on the San JoaCfllin River (Stations
A-BB, Figure 1). Dp to threc hanls wel'C mac1eat each station.

Procedures Used to Evaluate Accuracy of local Abundance Estimates

The minimum size selectivity of the standard tow nct was measnred
by comparing lengths of bass caught in thc standard net with lerwths
of bass caught in the net with the Pattel'll 1400 bobbinet cod end. b

We measured vertical distribution at several localities havinO' water
depths of approximately 30 feet, by fishing the thrce circular ~ets si-
multaneously at 5, 15, ann. 25 feet.



Between 1957 and 1959, we measured horizontal distribution by com-
paring catches next to shore and at mid-river on alternate tows. Shore
tows were ill water less than 10 feet deep with 75 feet of cable, so the
net rode on the bottom except at Stations 1<LlId5, where the water was
20 to 30 f('et deep adjacent to shore. Mid-river tows were taken follow-
ing anllual survey procedures. III 1961, comparisons were made by
simultaneously taking a sample next to shore with the small tow net.
pulled by a skiff and a sample at mid-river using the procedure de-
signed to measure vertical distribution. rfh3 mean catch of the three
nets fished in mid-river was compared with the catch near shore.

Statistical Methods

Catches were analyzed with standard statistical procedures. In most
experiments variables were analyzed by factorial design an!!:lysis of
variance, which requires normally distributed measurements. ·It was
impossible to determine the type of distribution of sample catches,
since the population sampled was constantly changing because of tidal
movement and fish behavior. However, trawl net catches generally
have some type of contagious distribution, so the logarithms of the
catches, or the catches plus one in samples with zero catches, are suit-
able for most statistical analyses (Gulland, 1956). Logarithm~c trans:
formations have been used commonly in other similar studies (Winsor
ancl Clarke, 1940; Silliman, 1946; and BagelJal, 1958), and I used them
in all analysei'.

For the annual surveys, simple aggregate indices of abundance were
calculated by dividing the sum of the mean catches per tow at several
stations during a given year by the sum of the mean catches per tow
at those stations during the base year. This gives each station an im-
portance proportional to the magnitude of its catch. rfhis is preferable
to other ways of calculating indices, since the fraction of the population
present at each station cannot be estimated.'

A simple aggregate index was also calcula,ted for the Delta-wide sur-
veys. In addition, a weighted index was cabulated by multiplying the
catch at each station by the water volume represented by the station
(Appendix A). rfhese volumes were detenriined by setting boundaries
midway between stations or at a distance of 2.5 miles from stations on
the area's periphery and estimating the waf:er volume present at mean
half-tide to the nearest 1,000 acre-feet.

Striped bass were measured to the nearest O.l-inch, fork length.

1953-1956 Surveys
Catches during 1953 and 1954 were considerably g'reater than those

during 1955 and 1956, and catches were generally greatest at Statil)ns I
and II (Table 1).

The 1954-1956 results were analyzed by analysis of variance to test
the hypothesis that these stations sampled th~ population adequately.
The 1953 results were not included, since only three 'stations were
sampled. I assumed the first tow each day wai made at the same tidal
stage, and the other tows followed at equal time intervals. Thus, the

TABLE 1

Summary of Striped Bass Catches Made During Annual Surveys

Dale

Sta- 7/26-28 6/28-7/2 7/4-8 7/16-23 7/J3-16 7/26-8/1 6/20-25tion 1953 1654
7/6-11 6/26-7/1 7/1-6

1655 1656 1957 1958 1956 J660 1961 J662---- -- -- -- -- -- -- --
I Calch/low __. 85.0 117.1 73.5 48.9 '23.6 37.6

Mean lengtht_ 1.0 1.0 13.1 42.1 157.8 '277.8.1.1 1.0 1.2 1.1 1.5 1.3 1.1 0.6
II Catcb/tow ___ 110.7 66.2 35.5 21.3 '27.3 17.6 6.3 lJ7.3 235.6 417.6

Me,an lengthM_ 1.0 1.0 1.0 1.0 1.3 1.3 1.4 1.2 0.6 J.l

III Catch/tow ___ 64.5 57.0 4.6 20.5
Mean lengLh._ 1.1 1.1 1.0 1.3

IV Calcb/low _" .- 51.3 5.8 30,3
Mean length._

00
1.2 1.2 1.5

V Calch/low _._
00 6.7 10.6 6.7

Mean lenglh__ .- 1.3 1.2 1.4

VI Catch/low _00
00 -- '58.6 54.7

Mean lenglh.. -- -- 30.7 126.1 362.1 '462.8_. -- -- -- 1.1 1.0 1.3 l.l 0.6 1.0
VII Caleh/low __•

00 .- '50.5 116.6
Mean lenglh._

-- 00 10.0 46:q 87.5 '235.5
00 -- -- -- 1.4 1.2 1.6 1.7 1.3 1.1

c:=ttchesof any given. tow we!'e indicati\"e of a certain time during' thc
tIde .. Th~ first ord~r mteractlOns, year x time and time x station, were
~ot slgn.Ificantly dIfferent at the 95 percent level from the second order
l(nTteractIon, so the three were combined to estimate samplinO' error

able 2). '"

TABLE 2

Analysis of Variance of 1954·1956 Tow Net Surveys

lTnriable Degrees of Freedom 8m" of 8qna'res~:a;.----_________________2 '4.252
.a IOn ---_______________ 4 8.281

~;lme - :_______________ 14 0.949
Year x statIOn '8 2.485
lTIrrol' ---- 196 6.618

Mean 8qn""e
2.126-
2.070 -
0.0681)'-.
0.311 -
0.034

Total 224 22.585

Three important .results. of. this analysis are: (i) differences amono'
y~arly catches are hIghly slgl1lficant (Ji' = 62.53 with p.Ol = 4.70) ; (is
dIfferences am?ng mean catches at the. st3;tions are highly significant
(!- 60.88 :WIthp.Ol = 3.85), clearly mdIc!l-tillg an unequal distribu-
t~on.~f,bass(ll1 the area ~ampled; (iii) the year x station interaction is
s
l
l.gffl1lcant .p = 9.15 v~lth Ji'..Ol .~ 2.85), indicating sig'nificant annual

e I erences 111 geographIcal ehstrIbution.
To tes~ the hypothesis that these ~tatiom; sampled the population .in

many mIles of nv~r due. to fish bell1g carried by the l'ela tivel fast-
movmg water d.urmg lJ1ll1USebb tides, the relationship betwe~l1 thc
ratches at StatIOns I, IT, III and V was eX'\]11I'1IeelleI t t, l', - < '. oa s ,ue ICS
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(Calif. Div. of Water Resources, 1952) indicated that water moves from
Station III to Station V in approximately 3 hours. Hence, early catches
at Station III should be similar to late catches at Station V. Such a
relatioiJ.ship was evidimt -only 'in-1956 ('l'able 3). Catches at Stations
I and II also failed to show a relationship to those at Station III.

Total Catches of Striped Bass at Station. III and V
During Comparable Period. of Sampling

Sta.I·'on III
1'0,os 1-5

1954 __~ 230
1955 9
1950 91

StnHo" Y
Tows 10-15

67
104
81

1957-1962 Surveys
Boat breakdowns prevented 1 day of sampling at each station in 1957

and 1 day at three stations in 1962. 'l'he 1959 results are aberrant
because the survey was 2 weeks late. This occurred because young bass
reached a I-inch mean length a month earlier than in any other year.

Annual catches were relatively low from 1957 through 1959 and
then increased sharply to a IO-year high in 1962 (Table 1).

Appreciable variations in catches on different days at the same sta-
tion have occurred during some years (Table 4).

Yea.,.
1957
1958
1959
1960
1961
1962

Variability in Catch of Striped lIass at
Station I During Annual Survey.

Men" catch per tow
Set'ies II

14.2
37.8
17.0
37.4

219.6

33.6
43.8
14.0
50.8

160.2
350.2

31.2
8.2

1\8.0.
93.6

205.2

Indices of Abundance
'l'he ouly IIlcasU\'eof abnllclmlel' possible for all years is an index of

abnndance at Stations I and n ('l'able 5, Arlllnal survey A), since
these were the ol1ly stations sampled every year. Broader based indices
were calculate!1 for] 957 t.hronglJ 1%2 from catchps at Sta.t.ions I, IT,
VI, and VII (Table 5, Annual survey B), and for 1954 throngh 1956
from catches' at Stations I throngh V (,J:able 5, Annual survey C);
1960 is the base year used for the first. two indices. The last index was
calculated using ]954 as a base and multiplying each annual abun-
dance index by 1.34 to put them on the same scale as the other indices.

The indices agree closely with each other. They show a decline in
abundance from a ]953-54 peak to a low in 1959, and then a sharp in-
crease through 1962, with abundance being grea;test in 1961 and 1962.

Indices of Annual Abundance of Striped Ba.s Fry in the
Sacramento ..San Joaquin Delta 1

Year
Index 1953 1954 195.519,5(i 1.9.57 1.9.58 1.95!) 1.9(;0 1961 1962

Annual survey A 2 1.ga ] .34 0.68 0.44 0.32 0.3:') 0.14 ] .00 2.47 4.3G
Annual survey B :I 0.48 0.67 O.ln 1.00 2.4D 4.]2
Annnal survey C' ] .34 0.54 0.54
Delta-wide survey A ,_
Delta-wide survey B ,_
Delta-wiele snrvey C"_
Delta-wide snrvey D'_
~ Underlinillg illdlcates best estimates of l'clalirc nhulldance.
; ~um of mean catches per tow ilt SwOons I ali(I II' dh'ided hy the LDGo SIIIII.
"sum of mean catches J)el' tow at Stations r, 11, Vr. and Vll dholded hy tile 1900 slim

SUDI' 30r4tthe mean Cj'atches per tow at Stations T, H, Ill. lV, IInd V, divided by 105'4 sum nnd multiplied hy
, 0 equate t to other indices ' '

r; 'folal number of bass collected at Stations ]-30 dUl'ing tlu'cc sUl'veys when morc lli'lIl 70 percent of '111U'ISS;;)~1'!9~~t\r~i~1.0,7and 2,0 inches long, ndjustcd fot' alllluul differences in sur\'e~ proccdlll'cs, Ilnd'div1clcd

6 Similar to Delta-wide SllI'\'ey A except that cllt.ch at etlch station was llIultiplied by the thousands 01' aCre.
i~~to~r w:llcr present at the statIon and stations with "a" sul11xes incllld~d in 10G2 in addition to staliolls

7 Silll~lar to. Delta-wJc1c smvey B except thill, catches during roUl' sUl'I'eys were includcd (SlII'vey No 1 cx-
eluded 111 1961) and oilly 1.0-1.11 ineh bass wel'C included, except. dUdng ftl'si smvey when those I'll' ~I'

8 SI ~\HlI.lthat were, jncl~ld~d. and rou.rth sUI'\'cY. when those smnller t1wn thai were Jneludc(i, ' g
nl :1.1t.o DeIta·\\Jcle slIlvey B but lIlclucies stnilons 31, 33, 34, llnd 35, and excludes stnlions fl, and 19-2~,

0.49 1.00
0.38 1.00
0.44 1.00

1.40
1.04
1.20
].00

Delta-wide Surveys
Length Composition of Catch

Four Delta-wide survey~ were made annually in 1959, ] 960, ancll962,
and five were made in 1961 (Table 6). 'l'he 1960, 1961, 1962 catches

Summary of Striped Ba.s Catches During Delta-wide Survey ••

Fi"st Secolld Thi·,.d Po,,,,,t"
s'lf.'rvey s1wvey 8nl"'vey s1t1"vey

/I'ifth
,r~url'r..IJ

1959
Date 6/13-18 6/27-7/1
~rotal catch 556 824
Percentage 0.7-2.0inches _
Mean length t _

1960
Date 6/16-20 (1/30-7/4
'rotal catch -- ~ 1,737 ] ,329
Percen tage 0.7-2.0inches _
Mean length t _

1961
Date -______________ G/5-9
Total catch 1,061
Percentage 0.7-2.0inches _
Mean length t _

1962
Date 6/26-29
Total catch 10,814
Percentage 0.7-2.0

inches ------______ 85 96 88 64
Mean length t ------- 0.9 1.2 1.5 ].9

; ~~~~hf:n:~~~ 1~011l~~~~~al'able In all yelil's clue to cllllnges in survey Ill'occdtll,C's Ilnd stlll.ions (Iescl'ibed jn fl'.'\t.

0/19-23
;1,736

7/8-12
8,099

7/4-10
-1,428

7/23-27
3,1.03

7/17-21
1,152
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showed similar patterns, with mea:n length increasing from 0.8 or 0.9
inches to about 2 inches over a period of four. surveys. The bulk of the
catch was made during the first three of these surveys, when over 80
percent of the bass were 0.7 to 2.0 inches long. In 1959, bass were larger
during the first survey and the size range was greater, and only about
70 percent of the catch was in the 0.8 to 2.0·inch range, except during

.the first period. .
Length frequency distributions of the catches are not as simil~r as the

means (Figure 3). 'rhree modes progress through the fishery III 1959,
while there were two modes in 1960 and 1961, and only one in 1962. The
modes probably indicate either periodicity in spawning or periodicity
in survival. The modes Ollsuccessive surveys generally coincided during
1959 and 1960, and the modes at 0.7 inches coincided in 1961.
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Geographical Distribution
Appreciable annual variations occurred in 'the geographical distribu-

tion of young bass (Table 7). Distribution was similar in 1959 and

1961, with about 60 percent of the bass in thc lowcr Delta and most of
the rest in the San Joaquin Delta. 'l'he ] 960 distribution was similar,
but even more bass were in the lower Delta and fewer in the San
Joaquin Delta. 'rhe population was generally farther downstream in
1962.

Relative Distribution of Young Striped Bass in the
Sacramento ..San Joaquin Delta

Pm·ce .••.t.age of Total Catch •
.1960 .1961Stations

San Joaquin Delta
1, 2 and 3 16
4, 5, 6, and 8 16

Lower Delta
7 and 30 ~_ ]3
9, 10, 11, and 12:j: 41
13 and 29 8

Snisnn Bay Area
14, 15, and 16 4
26, 27, ancl 28 2
17, 18, and 25 1

San Pablo Bay Area
20 ancl 23--- ~ ~'raee 0 0

• l)er~:n~~;: ~~t~?e~~~~~cl~I~~ej~~~e11l~~es\~atel'volume during the three Ocltll-wlde Surveys with over 70 percent
t Stat!ons with "a" suffixes tabulated with station or Sllllle numher. Part or station 13 included in station 30a
t StatIOn 9 not sampled In 1961and 1962. .'
Indices of Abundance

Four indices of abundance were ealculated from the Delta-wide snr-
veys (Table 5). Delta-wide RUrvey indices A and B were based on
catches dnring the three surveys each year when over 70 percent of
~he bass caught were 0.7 to 2.0 inches long ('l'able 6). Both were ad-
Justed by depth correction factors d ul'ing 1959 and 1960 and for 1961
because only two ?iagonal tows were made at most stations that year.
~he depth ~O~l'~ctJonfactors were calculated by grouping similar sta-
tJons and dlv1dmg the sum of the average diagonal tow catches by the
s~n~ ?f the surface tow catches ('['able 8). Index A was calculated by
d1v1dmg the total catch during the tJ~'ee surveys in each year by the
196~ total catch. Index. B was calculated by weighing the catch at each
sta~lOn by the appl'opnate water volume (Appendix A) summing the
we1ghted totals, and dividing each year's total by the 1960 total.

TABLE 8

Stations
1+2+3
4+5+6+8
7+30

29
11
12-
13
15+16
25+26+27

Comparison of Diagonal Tows and Surface Tows During
the First Four 1961 Delta-wide Surveys

Totc.l ca.tch •
Diauona.l tows S'/I11((ce tows

467.5 430
504.5 511
162 108
104.5 165
185.5 55
195.5 18
165.5 67
135 67
18.5 22

Ratio
1.1 -
1.0-
1.5 -
O.G -
3.4~i

10.9 .
2.5
2.0
0.8-



Delta-wide sllrvey Index C estimates bass fry abundance as they
pass through the size interval 1.0 to 1.4 inches. Modal lengths (Fig~re
3) indicate this interval is approximately equal to bass growth durmg
a 2-week period. 'rhus, each group would be sampled only once. This
index was calculated by using t.he total catch of 1.0- to 1.4-inch bass,
weighted by "vater volumes, duri ng four surveys (Survey 1 excluded
in 1961). In addition, the weighted catches of bass larger than this on
the first survey and smaller than this on the foul'th survey were in-
cluded.

Delta-wide survey D was calculated similarly to Index B, but Sta-
tions 9 and 19-24 were excluded and Stations 31, 33, 34, and 35 were
included.

All three indices show similar trends of increasing abundance during
1959 through 1962.

A weighted index comparable to Index B was calculated for ea-ch of
five size groups of bass (Table 9). Annual differences are smallest in
the largest and smallest groups, and greatest in the middle group.

TABLE 9

Length gl'OllP

0.0-0.5
0.6-0.91.0-1.4
1.5-1.!l
2.0+

Index of Abundance of Various Sizes of Striped Bass

1959 1960 • 1961
45 100 60
28 100 84
41 100 118
50 100 109

116 100 57

196B
112
208
328
215
99

Growth Rates
Distances between modal lengths in subsequent surveys are prob-

ably accurate measures of gTowth for 2-week periods. 'rhe distances
between pronounced modes in tenths of inches are: 1959-0.5, 0.6,
0.7; 1960-0.4, 0.4, 0.6; ]961-0.4, 0.6; 1962-0.3, 0.4 (Figure 3).

Exploratory Tow Net Sampling

Considerable f'xploratory tow netting was done between 1954 and
1958. Most sampling in areas co~'ered later by the Delta-wide surveys
contributed nothing additional to our knowledge of young bass dis-
tribution. However, sampling in the Sacramento River above Rio Vista,
in San Pablo Bay, and' in the Napa River and adjacent sloughs con-
tributed substantially.

On August 7· and 8, 1957, eight tow net samples were taken at
scattered locations from the south end of Steamboat Slough (Station
vV) to the mouth of the Feather River. 1."heonly bass was collected
near Station X. At the same time, seine collections caught 13 bass at
Station W in two hauls, 18 at Station AA in three hauls, and 3 at
Station BB in one haul.

On July 7, 1958, no bass wel'e caught in five tow net samples between
Stations Wand AA.

On July 17, 1957, one bass was caught in six tow net collections
in the Napa River between the mouth and Napa.

- -- -~- ----

1.'he Napa River was sampled on tlll:ee occasions in ID58. On June
19, 26 bass were ca.nght in fonr samplf's between the mouth and Station
21. On. June 26, 429 bass were canght in eight samples in the river
and adJacent sloughs in the general area covered by Stations 20-23. On
July 22, 227 bass were cang'ht in seven samples in this area and three
in the main river between Station 21 and Napa.

'rhe only sampling in San Pablo Bay consisted of 12 tow net hauls
on June 25, 1958.at scattered localities throughout the Bay. Only nine
bas.s were taken 111the eastern part of the Bay. In contrast, the re-
mall1~er of the catch was composed of Sacramento smelt, 8piTinchns
thalewhthys, 7; s?1el~, l-Iypom~Sl(S spp., no; anchovy, Engmnl'is 11101'-

cl~x, 1, 157; splIttml, I'ogonwhthys rnclcTolep'iclotns, 24; threespine
stICkleback, (frlste?-ostells acnlpatu,s 3· n nkriown o'obv 208) , b •. , .

Seine Surveys

Fall seine surveys collecteel young bass in appreciable numbers from
eastern San Pablo Bay to Ryde on the Sacramento River anel Mosselale
on the San Joaquin River ('rable 10).

Catches of Young-of-the-Year Striped Bass Made in Fall Seine Collections

Number of young-of-the-yeal'
st1"iped bass pe,' seine haut

1957
o
o
5
9

80
16
20
5

o
82
22

]28
3
2

86

1958
o
o
4

53
10

7
133

1
50
o

12!l
37
82
14

1
o
:3
1
1

82
51
12
7

23
2
1

15

1959
o
o
o
1
3

101
6
2
3
1

172
10

436
3
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Ratio
0,00
0.03
0.14
0.18
0.54
0.82
1.17
0.92

TABLE 12

Vertical Distribution of Striped Bass During Ebb Tides

:Meon catches pe,' tow at varions depths belo7v sm'face t
Station Date Nnm ber of tows 5 feet 15 feet 25 feet

15 6/14/60 10 4.2 17.1•• 15.0
14a 7/25/60 10 2.1 8.3 14.1 **
12 6/15/61 7 1.6 15.7 20,5 **
12 7/23/60 10 1.4 16.9 65.1 ••
12 7/27/61 7 0 18.5 70.8 ••
12 8/ 2/60 5 8,2 12,0 94,6 **
30 6/27/60 10 16.5 32.5.' 24.0
7 6/16/61 7 0.4 23.5 28.3 ••
7 7/13/61 7 2.6 34.5 104.8*.
5 6/14/61 7 38.8·· 25,2 9.0
5 7/12/61 7 lD.8 32.1.. 29.1
1 6/24/60 10 29.5 33.5 •• 13.9
1 7/21/60 10 13.3•• 7.0 3.2
3 6/13/61 7 38.4•• 21.2 7.3
3 7/11/61 7 21.8 81.6•• 23.5

t In this and subsequent tables. stngle asterisks den'Jte differences significant at 05 pel'cent lc\'els and double
asterisks denote differences significant at DO percent levels.

Size Selectivity
Ratios of bass catches in the standard-mesh net to those in the fine-

mesh net dIll'ing two pairs of tows at Station 14 and three pairs at
Station I indicated the standard net's efficiency increases sharply as
bass size increases from 0,5 to 0,7 inches and reaches 100 percent at
approximately 0.8 inches (Table 11). This is supported by the fact
that of 42 bass fry gilled in the standard bobbinet during 1958, the
percentages of 0.6-, 0.7-, and 0.8-inch fry were 12, 76, and 12, respec-
tively.

Comparison of the Lengths of Striped Bass Fry
Caught in Standard Tow Net and Tow Net

with Small Mesh Cod End

Striped bass become less vulnerable to the: net as they grow, pre-
sumably because of increased swimming ability, 'l'he limit of vulner-
ability is about 3,5 inches, since virtually no larger ones were caught,
even though they occurred in the areas sampled, However, no satis-
factory method was found to measure accurately the decline in vulner-
ability, During the Delta-wide surveys, annv.al mQdal length varied
from 0,7 to 0.9 inches and the catch of large': fish geneJ;ally declined
shaTply (Figure 3). This resulted fr01l1ffC'01l1bi11ationof mortality and
declining vulnerability, and no facts are available to measure the
contribution of each. However, the small catch of bass longer than
2 inches (11.4 percent of the catch in 1959, and half or less of this in
other years) suggested the net was quite inefficient for bass of this size.
Vertical Distribution

During 1960 and 1961, vertical distribution was sampled at nine
localities (Tables 12 and 13). In the western part of the Delta (Sta-
tions 7-30), bass were generally concentrated near the bottom, while
in the eastern part (Stations 1-5) they were more evenly distributed,
with greatest concentration frequently near the surface,

Bass showed a general tendency to raise off the bottom during flood
tides. This was more pronounced and general in the western localities.
This tendency was particularly pronounced and closely correlated with
tidal stage at Station ]2 in both 1960 (Figure 4) and 1961.

Length •
0.2
0,30.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1,31.4

• li'oJ'k len"th in illches.

Standard Net
o
4

14
36

1.75
283
150
36
3
o
1
1
o

Small God End Net
63

Hi1
1.02
198
326
346
128

3f)
II
:j
()

()

1

Station
16
14.1
12
12
12
12
30
7
7
5
5
1
1
3
3

TABLE 13

Vertical Distribution of Striped Bass During Flood Tides

Mea" catches per tow at wtrious depths below Surface
Date Number of tows 5 feet 15 feet 25 feet

7/20/61 7 1.0 0.7 7.8 "*
7/25/60 5 2.4 10.0 11.4"*
6/15/61. 7 O.D 21.8•• 12.D
7/23/60 5 2.8 14.4 34.5" •
7/27/61 7 0.6 44.8 64,0'"
8/ 2/60 10 2.4 38.9 •• 24.9
6/27/60 5 9.2 23.0 32,0'"
6/16/61 7 6.7 42.0 4504.••
7/13/61 7 10.0 27,8 68.0.••
6/14/61 5 27.5•• 15.4 2.8
7/12/61 7 23.5 45.2 •• 24,1
6/24/60 5 28,8 16.8 18.4
7/21/60 5 6.6'. 1.0 2.5
6/13/61 7 50.5•• 36.5 17,8
7/11/61 7 14.7 23.1 28.2**

TABLE 14

Mean Lengths of Striped Bass Caught at Different Depths

Mea" lengths at va,'io1ts depths
Station Do.te 5 feet 15 feet 25 feet

15 6/14/60 0.8 0.8 0.714n 7/25/60 1.8 1.7 1.712 6/15/61 0.6 0,7 0.612 7/23/60 1,9 1.5 1.612 7/27/61 1.9 1.6 1.812 8/ 2/60 2.4 2,1 2.030 6/27/60 1.0 1.1 1,17 6/16/61 0.7 0.7 0.87 7/13/61 1.2 1.1 1.15 6/14/60 0.7 0.8 0.75 7/12/61 1,0 1.0 1.01 6/24/60 0.9 1,0 1.01 7/21/60 1.4 1.4 1.53 6/13/61 0,7 0.7 0.73 7/11/61 0.9 0.9 O.D
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Mean length of bass and depth were not correlated except at Sta-

tion 12, where fish near the surface were larger late in the season
(Table 14).

8ass 1.5 inches
Nu.mbe,· 8ass to 0.8 inche., 8ltss 0.9-1.4 inche .• 0," more

of Near Mill- NeaT Mi(l- Near Mill-
Station Date to'Ws sho"e ,'i'Ve," shore 'ri'l'e'r shOl'e dvm'16 6/28/57 7 461 ** 145 34 26 0 016 6/20/58 8 68 *- J2 20 ** 5 0 016 7/ 3/58 8 157-- 34 38 *- 6 0** +16 8/ 1/58 8 24 - 6 49 71 2 35 "',16 7/20/61 7 0 0 2 + 18 *" 00 1411 7/22/59 8 0 0 3 !) " 6 27 *,'"'!!? III 7/27/57 7 0 0 0 0 () S,; 30 7/26/57 7 0 0 0 0 4 11t 30 7/13/58 7 14 12 4 8 0 0.. 30 7/16/58 8 23 18 5 8 0 030 7/24/58 8 28 * 10 20 •• 6 4 212 6/15/61 6 282 ** 12 7*" 1 () 012 7/27/61 7 6 ** + 11 9 1 21 **7 6/16/61 5 225•• 11 25 .* 4 0 +7 7/13/61 7 10 7 8 34 *. 1 7 :~>1'1 6/23/60 8 27 13 14 21 + +3 7/11/61 7 14 19 11 19 + 15 6/14/61 6 8 21- 2 4 0 05 7/12/61 7 4 7- 8 ~8 .- 1 2 :I:

Horizontal Distribution of Striped Bass During Ebb Tides

Jlf can co.tches per tow
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\ ...• TABLE 16

Horizontal Distribution of Striped Bass During Flood Tides

Mean catches peTto'LV
Rass 1.5 'inc)",.•

11" 11111 'be" Bass to 0.8 ·inches Bltss 0.9-1.4 inches 0,· more
of Near 111id- Near Jlf·id- Nea,' Mill-

Station Date to'IVS shoTe 'd'ver sho"e 'r'iver shore ,"ive',.16 6/20/58 4 34 • 15 21 7 0 016 7/ 3/58 4 127 29 41 8 0 016 7/20/61 6 6 0 6 • 1 18 914a 7/22/59 4 0 0 5 3 18 1330 7/13/58 4 35 • 9 15 " 4 0 030 7/16/58 4 14 19 9 9 0 012 6/15/61 7 350.- 11 10 -- I 0 012 7/27/(\1 7 7 .- + 11 11 5 25 **7 6/16/61 7 145_. 25 18 6 0 01 6/23/60 4 18 5 32 - 11 + +3 7/11/61 7 6 8 7 12 - + 15 6/14/61 7 5 J3 -- I 3 - 0 05 7/12/61 7 7 6 1 23 -- I 2

LOW FLOOO TI 0 E
SLACK

TIME IN RELATION TO TIDE

FIGURE 4. Relationship between striped boss tow net catches at dillerent depths and tidal stage.

Horizontal Distribution
Horizontal distribution was measured between 1957 and 1961 (Tables

15 and 16) .
Huge concentrations of small bass were found along the shore in

the western J:)elta. As they grew, their distribution, became more even,
and in several instances significantly more of the larger bass were
caught at mid-river.

Bass wcre more evenly distriblltec1 at StatiollS ], 3, and 5, but some
mid-river catches were signifiCf1lltly greater at Stations 3 and 5.

Variations Due to Tidal Stage
Evidence of significant vertical distribution variations related to

tide was presented earlier. A comparison Qf the ratios of bass caught
near shore to bass caught in mid-river during ebb tides' with compar-
able ratios during flood tides (Table 17) indicates that differences
were not consistent, even though they were sometimes great.

However, mid-river catches made on comparable tows before and fol-
lowing slack tide were greater on ebb tides more often than on flood
tides (Table 18). Most differences 'were not statistically significant, but
because of small samples the analysis of variance test was not very
sensitive in most cases. On the other hand, the equal division of sig-
nificantly larger c·atches between ebb and flood tides, and the lack of
consistent pronounced differences at any location suggest there was
no general difference in catches at different tidal stages.



TABLE 17

Ratios of Striped Bass Catch Near Shore to Catch
in Mid-River During Ebb and Flood Tides

Bass 1.5 or m01'e
inches

Ebb FloodDo,te l<tet/ion
6/20/58 16
7/ 3/58 16
7/22/59 14a
7/13/58 30
7/16/58 30
6/15/61 12
7/27/01 12
li/16/61 7
6/23/(;0 1
7/ll/61 3
li/14/61 [)

i 7/J2/61 5,

Bass to 0.8 inches
Ebb Flood
5.6 2.34.6 4.4
1.2 3.9
1.3 0.723.5 31.8

20.7 36.8
20.5 5.8
2.1 3.6
0.7 0.8
0.3 0.4
0.6 1.2

Bass 0.9 -1.4 inches
Ebb Flood
4.0 3.0
6.3 5.1
0.3 1.6
0.5 3.8
0.6 1.0
7.0 10.0
1.2 1.0
6.3 3.0
0.7 2.9
0.6 0.6
0.5 0.30.4 0.04

Catches of Striped Bass During Ebb and Flood Tides

No. po'i,.s Mean catch per tow
Station Date of tows Ebb Flood

16 6/20/58 4 15 22
"- 16 6/27/57 6 174 151

16 7/ 3/58 4 52 39
16 7/20/61 7 + 9 ••
14a 7/22/59 4 35 23
14a 7/25/60 (i 30 24
VI 6/26/57 5 195 215
VI 7/24/57 6 16 13
12 6/15/61 7 38 36
12 7/23/60 5 65 52
12 7/27/61 7 89 109
12 8/ 2/60 5 115 77
30 6/27/60 5 75 64
30 7/ 3/58 4 15 13
30 7/16/58 4 19 28
30 7/25/57 5 8 4
30 8/ 7/56 5 11 13
7 6/16/61 7 52 94 •
7 7/13/61 7 142 106
5 6/14/61 7 73** 46
5 7/12/61 7 81 93
1 6/23/60 4 28 •• 16
1 6/24/60 5 56 64
1 7/21/60 5 13·' 10
3 6/13/61 7 67 105••
3 7/11/61 7 127•• 66

Relationship of Efficiency to Water Transparency
Trawl net efficiency is generally closely related to water transparency,

so tow net efficiency should be similarly related. Unfortunately, no
method has been found to measure this, since there is no way of ob-
tainino' an absolute measure of bass abundance in any area, ~r of hold-
ing abundance constant and observing the effect of varymg water
transparency on catches. .' ., . .

Most areas inhabited by young bass are qmte turbId, wIth tur?ld~ty
declining somewhat as summer progresses. 1<'01' example, ~ecchl dIsk
readings at 27 stations between June 19 and 23, 1961 vaned from 3

to 17 inches and averaged 11.2 inches, while on July 31 to August 3
they varied from 7 to 31 inches and averaged 13.3 inches. Changes
were generally small and increases exceeded 5 inches at only five sta-
tions,

During the June 19-23 period, total catches gave no indication of re-
lationship to turbidity at stations with Secchi disk readings less than
13 inches (Figure 5). Where readings were over 13 inches, low catches
probably reflected scarcity rather than decreased net efficiency, since
five of these stations were at the area's western periphery, and the
two stations closest to these had readings of 3 and 11 and catches of
3 and 4. Catches were uniformly low from July 3]-August 3, so they
could not be related to turbidity.
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FIGURE 5. Relationship between striped bass tow net catches and water transparency during
June 19-23, 1961 Delta-wide survey.

DISCUSSION

Evaluation of Indices

Accuracy of Measurements of Local Abundance
The tow net's size selectivity limited the size range of bass caught

efficiently. 'rhe lower limit of the size range is clearly denlied as 0.7-0.8
inches. The upper limit is not clearly defined, but apparently bass
over 2.0 inches are sampled inefficiently,

Vertical distribution measurements showed that previous sampling
res\.1ltsin Old River/ which indicated 70 to 92 percent of ~\.llb!\ss were
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in the top 10 feet of water (U,S, Dept. of Interior, .19~7), a~e .not
universally applicable. However, those results were quahtatIvely sImIlar
to ours at Stations 1-5.

'l'he varyinO' vertical distribution of young bass is a potential source
of bias, but it"'can be overcome by sampling all depths equally. The fact
that diaO'onal tow catches in the Delta-wide surveys were as much as
10 times"'the surface tow catches ('rable 8) illustrates this bias' poten-
tial importance.

The uneven horizontal distribution presents a more serious problem
than does vertical distribution, since it is impractical to eliminate this
bias by sampling all portions of the cross-sectional area equally. It
causes estimates of abundance to be biased downwards in the areas
where concentrations occur near shore. However, this bias' importance
is minimized, since it occurs when the bass are relatively small, since
it does not occur in all areas, and since the shallow shelf next to shore
constitutes only 2 to 4 percent of the river's cross-sectional area. I
estimated the error it causes by assnming bass abundances in waters less
than and more than 10 feet deep were uniformly equal to concentra-
tions indicated by shore and mid-river samples. The average underesti-
mate was about i5 percent for bass 0.7 inches and larger on the 4 days
when the greatest concentrations were near shore at Stations 7, 12, and
16. The range of the underestimates was 6 to 37 percent.

'l'here do not appear to be any biases associated with tidal stage.
The importance of differences in water transparency is not fully

known. However, general high turbidity throughout the area, the lack
of correlation between catch and turbidity, and the occasional good
catches at Stations 10, 18, and 26, where turbidity was lower, suggest
it was not serious in the area covered by the Delta-wide surveys.

Thus, while several factors billS catches, r believe tow net samples
give reasonably accurate measures of local abundance of 0.7- to 2.0-
inch bass, so long as all water depths are sampled equally .

Relationship of Water Movement to Young Bass Movement
The basic premise in planning the annual surveys was an hypothesis

that bass abundance in a few areas would reflect abundance over a
wide area, because water moving past any locality during a large ebb
tide would carry bass from a considerable distance upstream past that
locality. 'rhis hypothesis was based on measurements showing water
moved as much as 13 miles during' large ebb tides (Calif. Div. of Water
Resources, 1952). While it is evident that water flow greatly affects the
movement and distribution of young' striped bass, several sources of
information indicate this hypothesis should be modified.

The large concentrations of young bai;is found along shorelines and
near the bottom in some areas clearly demonstrate that bass have con-
siderable control over their movement at an early age. 'While these
bass are too small to maintain their position in mid-water during pe-
riods of maximum tidal movement, they apparently seek favorable areas
during periods of low water velocity, so their movement cannot be
assumed to be directly correlated to water flow.

Diurnal catch fluctuations at the Tracy Fish Collection Facility also
indicate thl1t young bass have considerable control over their movement.
Louver screens there collect fish from water entering the Delta Mendota

Canal. Catches of striped bass are typically much greater at night than
during the day (Bates et al., 1960, Figure 15), indicating bass tenet to
maintain their position during the day and move voluntarily at nighi.

More recent information indicates water generally moves much less
than 13 miles during a tide. 1<'01' example, a float we placed in the San
Joaquin River at the mouUl of False River at the beginning of an ebb
tide on July 29, 195.7moved a littlc over 7 miles downstream, and a float
we placed in the Sacramento River at Three-Mile Slough about an hour
after the start of an ebb tide on ,July 30, 1957, moved 5"}milcs down-
stream. 'rhe tidal variations at the Golden Gate on these dates were
+6.1 to -0.5 and +5.5 to -0.1. 'rhe Department of Water ResoUl'ces
estimated the maximum tidal movements from the Sacramento HiveI' at
Stations 13a and 10, aild from the Sall Joaquin River at Station 6 on
August 20, 1959 were 8, 6, and 7 milcs, respectively (Carl Warner,
letter). On that day, tidal variation at the Golden Gate was +5.7 to
+0.1. These water movements were at mid-river; movements near the
channel's periphery are appreciably less,

Hence, it is not surprising that catches at anlJllal survey stations dir1
llOt reflect catches at stations farther npstream.
Temporal Distribution of Young Bass

The annual surveys can be biased by differences in temporal distri-
bution even though they are made at approximately the same time ill
relation to bass size at Antioch. One cause of this is that survey time
could vary as much as a week in relation to bass size at Antioch sincc
minus tides occur only every other week. The rapid changes in bass
abundance, indicated by differences in daily catches during' the 1957-
1962 annual surveys and by the differences between successive Delta-
wide surveys, indicate this bias is important.

Bias also occurs because successful spawning is not distributed
through the season in a similar manner each year. In years such as
1962, when the distribution was unimodal, a single survey during the
peak of abundance would sample the population more efficiently than
in years such as 1959, when there were several modes.

The Delta-wide surveys minimized this bias by taking several samples
each season, Some diffcrences between Delta-wide and annual survey
results are partially due to this bias and show its importance. For ex-
ample, the annual survey indicated the difference in abundance between
1959 and 1962 was about 20 times, while the Delta-wide survey indi-
cated only a sixfold difference.
Geographical Distribution of Young Bass

Annual surveys would measure abundance accurately only if geo-
graphical distribution remained the same each year. When analysis of
the 1954-1956 surveys showed that geographical distribution varied, the
survey stations were changed to try to sample the most densely popu-
lated areas to minimize the bias. The surveys and exploratory sampling
indicated this could best be done by retaining Stations I and II and
selecting additional stations in Spoonbill Slough and Montezuma
Slough, where large numbers of bass had been caught regularly. How-
ever, the magnitude of geographical distribution variations shown by
the Delta~wide surveys (Table 7) indicates that no group of four or five
stations can give an accurate indication of annual abundance.



1'he Delta-wide survey stations used during HJ62 did not covel' the
whole area inhabited by young bass. Yonng bass probably occurred in
the unsampled portions of the southeastern San Joaquin Delta in con-
centrations aboLlt equal to their abundance in t];e adjacent sampled
areas (Erldcila et al., 1950; Calhoun, 1953). However, the water volume
there forms only a small fraction of the total volume in the Delta.

The exploratory tow net sampling and the fall seining indicated few
young bass occur in the Sacramento River above Station 10. This sub-
stantiated earlier findings (Calhoun and "T oodhull, 1948), so this omis-
sion was probably not iIilportant.

The omission of the western part of Carquinez Strait, San Pablo Bay,
and the Napa l~iver may have seriously biased the survey results. Ap-
preciable bass concentrations certainly occUlTed in the Napa River in
1958, but this may have been a fairly unusual occurrence, since virtu-
ally no bass were caught there in 1957, 1959, 1960, or 1961. This and
the fact that the water volume at the four Napa River stations included
in the 1959 and 1960 surveys amounted to less than three percent of the
water volume of the area now surveyed indicates omission of these
stations probably causes little bias.

Some yonng bass are present in Carquinez Strait and San Pablo Bay,
and the water is relatively clear there, so low ,net efficiency might cause
poor catches. However, the small bass catches there in 1958, when many
bass were caugllt in the Napa River and when many other fish were
caught in San Pablo Bay, tends to refute this. We have observed schools
of bass in sheltered places along the shore in this area, which may indi-
cate they seek sheltered areas in clear water and are thus unavailable to
t.he tow net. The water volume here is great, so the presence of a few
bass could significantly bias the survey. However, I believe the bias is
small, since this is certainly the periphery of the bass' range.
Comparison of Annual and Delta-wide Surveys

The three annual survey indices show similar trends, although some
appreciable differences in magnitude occur, with Index A having great-
est variability. This was to be expected, since it is based on more limited
~.ampling, and it indicates that Indices Band C are superior.

\Vhile all Delta-wide survey indices had similar trends, there are
appreciable differences in magnitude among indices. The differences in
magnitude between Indices A and B reflect annual geographical differ-
ences .in distribution and tbe unequal volumes of water at various sta-
tions. For example, the difference between 1960 and 1961 is due pri-
marily to the fact that 28 percent of the 1960 catch was made at
stations with water volumes over 60,000 acre-feet, while 42 percent of
the 1961 catch was made at these stations. These variations indicate
that weighing by volume is necessary, aJ'ld that Index A is unsatis-
factory.

Theoretically, Index C should Ce superior to Index B, since biases
due to temporal variations in annual distribution would be less. The
size range 1.0 to 1.4· inches has additional advantages in that the net
had close to maximum efficiency in this range and few bass 'were eithf'r
larger during the first surveyor smaller during ,the last survey.

However', survey C was not as good as survey B, because the catches
in the limited size range were affected more by chance variation than
was the total catch. This is exemplified by differences in the relative

abundance within different size groups (Table 9). Annual variations in
gTowth and mortality rates would also tend to make Index B more
accurate. rrherefore, Index B is superior for 1959-1962 and Index D
should be used in the future, since its stations cover the Delta better.

For the 1959-1962 period, both the Delta-wide and annual survey
indices exhibit similar trends. However, ditferences in magnitude ex-
ceeded 100 percent primarily because of the annual survey's greater
biases, but also because of its greater sampling variability, associated
with its more limited nature. rrherefore, Delta-wide surveys are prefer-
able, not onl~r because of their greater accuracy, but also because they
provide additional information on geographical distribution.

The best e&-timateof relative abundance during the la-year period
can be made by combining" Annual Survey" Index A for 1953-1956,
" Annual Survey" Index B for 1957 and 1958, and Delta-wide survey
Index B for 1959-1962 (Table 5).
Comparison of Surveys and Catches at Tracy Fish Collection Facility

Fish in the water entering the Delta Mendota Canal are screened out
by louvers at the 'l'racy Fish Collection Facility (Bates et al., 1960).
8triped bass catches there should be proportional to the abundance of
bass in the sloughs south of the San Joaquin River. Delta-wide survey
stations I, 2, and 3 sampled part of this area and catches there were
similar to the relative annual catches at rrracy ,(Table 19). This sup-
ports the accuracy of the Delta-wide surveys.

Comparison of Relative Annual Abundance of Striped Bass at Stations 1, 2, and 3
with June and July Catches at Tracy Fish Collection Facility

1Vei.glited catch (/,t ]?(,/iio to 1959 2',·(/.oy 1

Year Station.9 1, :g, 3 all1/.11-110"ce catch
1959 . 13,591 1.00 8,860
1960 15,847 1.17 10,246
196L 28,333 2.08 15,166
1962 26,426 ] .!l4 14,032

1 To nearest thousand bass.

Ratios to
1959 catch

1.00
1.16
1.71
1.58

Causes of Uneven Local Distribution

The cansps ·£01' thp yal'iability ill ver1'i('al distribution are not obvious.
The couc-Plltl'ation of fish Ilpal' flU' bottom in the Wl'stern Delta was
probably relatf'(l to thf' lowp.I' \\'<lter vl~lociti('.s therp, since bass have
heell shown to seek areaR of lowprf'd vPloeity (Kerr, ] !l5:-l).rrhe upwards
movement during flood t.ide in the western Delta may also have been
related to velocities, since velocitieR are less during flood tides than ebb
tides. However, the fact that bass generally remain near the bottom
during low slack tide, come up during peak flood tide flows, and then go
back down as high slack tide approaches (Figure 4) indicates it is not a
simple reaction to velocity.

The differences between the eastern and western Delta are even more
difficult to explain. A possible explanation is eastern Delta waters gen-
erally carry a heavy load of finely divided plant detritus. This is most
dense near the bottom and ('onld either canse bass to avoid this area or
cause inaccuratp. Rampling rf'snlts by clogging t.he net. However, this
hypothesis was disconnted by the distribution a.t Sta.tion 7, where there
(~lso was a heavy load of pla.nt detritus, and by the lack of any sub-



~,".
stantial change at eastern Delta stations during slack tide when virtu-
ally all plant detritus settles to the bottom. '

Anoth.er possible explanation is that water velocities are generally
great~r III the ,,:ester.n Delta. However, again this cannot be a simple
reactIOn to velocIty, Slllce there was no common distribution when veloc-
ity approaches zero at slack tide.

A reasonable hypothesis for the cause of differences in horizontal
distribution between the eastern and western areas is that western
~rea.s had shallow shel.veswith growths of sedges (Scirpns sp.) extend-
mg mto the water, whIle at eastern stations the banks dropped abruptly
to 20 or more feet. The shallow areas near shore would attract £sh,
since water velocities would be lower, especially whei'e the sedge growths
extended into the water.

Causes of Abundance and Distribution Variations

.A, primary purpose of this work was to relate the abundance and
distribution estimates with observations of physical and biological envi-
ronmental ch!lnges, to try to identify conditions controlling spawning
success. ~hys~cal factors such as salinity (Bishai, 1961), and water cur-
rent~ (BIShaI, 19?0) have been directly or indirectly related to the
surVIval of pelagIc fish eggs and larvae and lio'ht is deleterious to
trout eggs (Lei tritz, 1959). 'b -

A .relationship between water temperature and egg and larval bass
survIval would not be surprising, since striped bass spawning is closely
related to water temperatures. Peak spawning usually occurs at temp-
eratures between ?oo an~ 67°F. (Rane'y, 1952), and spawning fre-
quently ceases dunng penods of decreasmg water temperatures in the
Sacramento-San Joaquin River system (CalYoull, vVoodbull and J ohn-
son, .1950; Chadwicl~, 1958; Albrecht, unpublished data).

Au' temperature. IS the only environmental factor previously shown
to be related ~ostrIpe~ bass abundance. The mean February to May air
temperature 111 "\Vashmgton, D. C. had a -0.354 correlation with the
commercial catch of adult striped bass 2 years later along the Atlantic
Coast from 1884-1937 (Merriman, 1941). This correlation is significant
at the one percent level. Presumably, air temperature was related to
egg or larval survival indirectly through other environmental factors
such as water temperature. . ,

Correlation coefficients for the relationships between young bass
abundance. 3;nd water. temperatnre, water temperature fluctuations,
runoff, s~hmty, and hght (sky cover) (Table 20) were not signifi-
ca~tly .dIfferent fr~m 0. ~Io~ever, significant relationships may still
eXIst, smce correlatlO~ coeffiCIentsare quite variable for small samples
(Snedec?r, 1956) ..EstImates of bass abundance are not precise, and the
most deSIrable.envIronmental measurements are not available in all cases.
Mor~over! whIle one factor may affect egg and larval survival, overall
surVIVal.IS probably controlled by a combination of .factors, so a high
cor.relatIOn between one factor and young £sh abundance is unlikely
(RIcker, 1958).
. Spawning stock size i~ a biological factor which might determine
abundance ?f young: Whl~e no marked relationship generally exists be-
tweeu the SIzeof an adu.lt stock and the number of recruits (Beverton
and Holt, 1957), RadovlCh (1962) has shown -that the Pacific sardine

TABLE 20

Ilelationship Between Abundance of Young Striped Bass
and Various Environmental Factors

Wat61'
ternpera-

tU1"e 1

l·Vatel·
ternpe"atllre

fl-nct-l",Uons '
11
11
15
10
15
7

12
18

A bunda-nce of
Year young bass
1953 1.23
1954 1.34
.1955 0.68
1956 0.'14
1957 0.48
1958 0.67
1959 0.38
1960 1.00
1961 1.04
1962 2.60
CorreIa tion

coefficient _ -.24 +.04 -.09 -.]3
1 Me,lO April~May water temperature lit Contra Costa P .G. & E. Sleam Phlllt, AllLiocli.
2 Sum of decreases in mean tempel'alul'es between successive days fro III tllC day that the lllean temperuture first

reaches 600 Ii', to the end of May at the Contra Costa Steam lllant.
a'l'otal mensUI'cd flow to the Deltit dlll'Jng April, May, and June in ten thousands of acre feet. ll'rolll Calif.

Dept. or Water Rcsources Water Supen'ision and Water Flow Bulletills.
.f, A\'cl'age salinity in parts of chlorides pcr 100,000 parts of wlltel' dlll'ing .Julle llild July ut Collins\'iIle on

Sacramento River, l\'IeaSIlI'Clllcnts taken H hOlll's after high hi~h tide at 4~dilY intervals. From Calif. Dept,
of \Vater Resources Watcl' Supervision and Water ll""'lowBullctins.

5 Sum of daily sunrlsc~sunset sky em·cr in lOUIS during May at S"acnllllcnto Airport. From records of U.S.
Dept. of COllllIICI'Ce, Wcatller BUI'cali.

Runoff 3

(j5D
640
320
866
503

l,74D
224
301
259

Sal'inity 4

22
148
112

8
84
4

326
]D2
248
7U

61.1
64.2
61.8
62.4
63.6
63.9
65.3
63.9

(Sardinops caen,t.le1.ts) population £ts a model describing the relation-
ship of stock size and environment to production of young'.

Available long-term indices of adult bass abundance are based Oll

catch statistics of limited accuracy (Chadwick, 1962), and none of these
provides a suitable measure of spawing stock. 'rhe best available index
of bass spawning stock is angler success in the Delta dlll'ing the springs
of 1959 through 1962 (Albrecht and Chadwick, m.s.). 'I.'hemean catches
per hour there dming these springs were 0.118, 0.085, 0.074, and 0.050.
'rhese have a definite negative relationship with the index of abundance
of yo\mg for these years, but the significance of this cannot be judged
from so few measurements.

The distribution of young bass might also be affected by environ-
mental conditions. vVater flow and salinity are the environmental concli-
tions most likely to affect distribution, since bass eggs and larvae are
pelagic and since bass seek fresh water for spawning (R,aney, 1952).
In the Sacramento-San Joaquin Delta, the effects of water inflow and
salinity cannot be differentiated, since they are mutually controlled. For
correlation purposes, relative distribution of young bass was measured
by both the percentage of the annual survey total catch made at Sta-
tions I, II, and VI for the years 1957-1962 and the proportion of the
total bass catch taken above the confluence of the Sacramento and San
Joaquin rivers during the two extensive 1951 surveys (Calhoun, 1953)
and during the 1959-1962 Delta-wide surveys. 'rhe correlation coeffi-
cients between distribution and runoff and salinity are quite high
(Table 21). The correlations with our annual survey distribution are
significant at the 10 percent level and 1 percent level, respectively.
While evidence based on so few years is not conclusive, it strongly inch-
cates that young bass are farther upstream during years of high sa-
linity and low runoff than in years of low salinity and high runoff.
This could reflect either the distance adults migrate upstream to spawn



Relationship Between Distribution of Young Bass and Salinity
at Collinsville and Runoff to Delta

Proport'ion of bass catch above
conjl1tence of Sacramento and

Year San Joaquin rive,'s1951 811957 _
1958 .1959 94
1960 94
1961 91
1962 .___ 67
COl'relation with salinity' +.74
C()rrelation with rnnoff t -.78
• See 'fable 20 for salinity measurements. 1951 salinity = 8.
t See Table 20 for runoff measurements. 1951 runoff = 502.

Proportion of .innual
Survey total catch ca1tght
at Stations I, II, ancl VI

68
49
84
85
90
83

+.76
-J13

or how far eggs and larvae are carried downstream by water currents.
Facts necessary to determine the relative role of each are not available.

Relation of Recruitment to Abundance of Young

The second purpose of this study was to determine if recruitment to
the fishery is related to abundance of young-of-the-year bass. This has

\ never been measured for any striped bass population. However, good
fishing on the Atlantic Coast has been related. to dominant year-classes,
which have been recognized in their third year by rough quantitative
observations (Merriman, 1941): Dominant )'ear-classes have 'not been
recognized in California's striped bass population.

Striped bass enter the fishery as 3-year-olds, Good measurements of
annual recruitment are not available, At present, the best measure is
the angler catch per hour for 3-year-old bass in the Delta during April
and May of 1959 through 1962 (Albrecht and Chadwick, m.s.). This
essentially measures the relative abundance of males, since 3-year-old
females are immature and do not migrate to the Delta (Chadwick, un-
published data). The respective catches per hour were 0.034, 0.033,

. 0.016, and 0.016. These would be recruitment indices for the 1956·1959
year-classes. Except for 1958, they parallel the abundance of young in-
dicated by our annual surveys.

While annual recruitment cannot be measured from the total angler
catch, the total catch does reflect trends in recruitment. The fall party
boat fishery in Carquinez Strait-San Pablo Bay gives the best available
measure of overall bass abundance (Chadwick, 1962), and has the
added advantage of being largely composed of bass at the end of their
third and fourth growing seasons. .

The catches per hour there were 0.24, 0.35, 0.23, 0.24, 0.20 for 1957
through 1961. If recruitment is related to the abundance of young bass,
these catches per hour should reflect trends indicated by spawning
success surveys three or four years earlier and, except for 1957, they
do. While these data suggest a direct relationship between bass recruit-
ment and abundance of young during their first summer, the data are
so limited I consider this to be a tentative hypot,hesis.

Growth and Survival
The 2-week growth increments of 0.3 to 0.7 inches are smaller than

comparable growth increments of 0.5 to ].1 inelles reported in the
Patuxent River (Mansneti, 1058). As a rcsult, Patuxent River bass
average over 2 inches long in early July, while bass in the Delta aver-
age 1.0 to 1.5 inches long then, de8pite the fact that peak spawning
occurs during May in both places.

Growth increments were grcatest in 1959 and smallest in 1962, sug-
gesting that growth may be negatively correlated with abundance.

The relationship between bass size and net efficiency precludes accu·
rate survival estimates from tow net catches. However, the coincidence
of modes in our 1959 and 1960 Delta-wide surveys indicates biweekly
cycles in spawning time or survival, since surveys were taken at 2-week
intervals. Tidal stage is the only environmental factor having an obvi-
ous 2-week cycle, so survival or spawning intensity may be related to
tidal stage.

'rhe decreasing annual variations in abundance indices as bass size
increased from I-inch to over 2 inches (Table 9) could be caused by
density dependent mortality. However, the small anuual variations
among 0.3- to 0.5-inch bass would not be expected if this were true.
Hence, the small annual variations were probably chance similarities
among the small catches within the largest and smallest size groups.
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SUMMARY

We sampled young-of-the-year striped bass to measure their relative
abundance throughout their range in the Sacramento·San Joaquin
River system. We did this to obtain a measure of annual abundance
which could be used to determine: (i) if spawning success and recruit-
ment are correlated, and (il) which environmental factors control
spawning sue-cess.

Sampling was done with a fixed frame tow net, which earlier studies
had shown was efficient for sampling young bass. The sampling ill-
eluded: (i) various experiments to determine if the tow netting accu-
rately measured abundance in the immediate area of sampling; (ii)
annual surveys consisting of one series of samples at a few stations
to try to develop an annual index of abundance; (iii) Delta-wide SUr-



veys consisting of repeated sampling at many stations throughout the
bass' range to develop an index of abundance suitable for determining
if our annual surveys accurately measured abundance; and (iv) limited
exploratory tow netting and seining to determine the range of young-
of-the-year bass.

Experiments to determine if tow netting accurately measured local
abundance showed that it did measure the abundance of 0.7- to 2.0-inch
bass reasonably accurately, at least within our Delta-wide survey area.
Accuracy requires sampling all depths equally because the vertical
distribution of bass is not uniform and is also variable. Variations in
horizontal distribution biased sampling of smaller bass in some areas,
but this bias appeared to be relatively insigniflcant. 'rhe effects of water
transparency were not thoroughly evaluated, but the available evidence
indicates it was not a serious problem in the survey area.

The uneven distribution is largely unexplaincd, but behavior!il char-
acteristics partially related to tidal stage and water velocity are impor-
tant. 1'hese behavioral characteristics indicate that even very young
bass have considerable control over their distribution and movement.

Our annual and Delta-wide surveys showed important annual geo-
graphical and temporal differences in bass dist.ribution, although the
Delta-wide surveys showed that most of the population was in the
Sacramento and San Joaqnin rivers ,""ithin 'a few miles of their con-
flUence. Marked changes in abundance at: given loealities occurred
within 2 days, and overall abundance in t~e Delta changed signifi-
cantly within 2 weeks. .

Biases associated with these differences were the primary cause of
substantial errors in our annual survey abundanee estimates. 1'hese
errors tended to magnify annual variations'. Delta-wide surveys pro-
vided more accurate measures of annual abundance, although they
were also somewhat biased, because tow netting and seining showed
they did not cover the ent.ire nursery area, and there were biases in
the accuracy of local measuremcnts.

Our annual surveys indicated that young bass declined in abundance
from a 1953-54peak to a 1959 low and then increased to a la-year high
in 1962. The Delta-wide surveys showed a similar 1959-1962 trend.

No relationships were detected between young bass abundance and
water temperature, water temperature fluctuations, runoff, salinity,
light, or spawning stock size. However, the available data are inade-
quate for a definitive evaluation. The data do show their distribution
probably has a relationship to salinity and water runoff to the Delta,
with bass beiug farther upstream in years of greater salinity intrusion
and lower runoff.

'fhe results also suggest a direct relationship between abundance of
young-of-the-year bass during the summer, and year-class recruitment.
They also indicate that growth of young bass is slower here than in the
Patuxent River, and is negatively related to abundance.
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Water Volumes 1 of Delta Segments Represented by
Delta-wide Survey Stations

Station
1
2
3
4
G
6
7
8
})

10
11
l1a
12
13
13a
14 4
15 15
16 20
17 44
18 84 70

1 Volumes in thousands of acre feet al Illean half-tide wUII fin estimated reliabHit.y of ± 15 percent. ~;slilllatcs
made by Delta Branch, California Deprll'tlllcnl of Water Resources. '

Station
19
20
21
22
23
24
2G
26
27
27a
28
29
30
30a
31
32
33
34
35




